Thus far no detailed investigations of the proteins of the nerve fiber have been made. Previous studies of the proteins of the nervous system have been made chiefly on the central nervous system under conditions which make localization to the cell body, the fiber, or to non-nervous material impossible (1-3). From extruded axoplasm of the squid giant fiber Bear, Schmitt, and Young (4) obtained a protein complex, to which they gave the name "neuronin," which was considered common to the axoplasm of nerves generally. It was thought to contain a histone-like component and possibly some nucleic acid, though the phosphorus content was low (3 per cent). Neuronin was not obtained in pure form, nor was it characterized physically or chemically.
Thus far no detailed investigations of the proteins of the nerve fiber have been made. Previous studies of the proteins of the nervous system have been made chiefly on the central nervous system under conditions which make localization to the cell body, the fiber, or to non-nervous material impossible (1) (2) (3) . From extruded axoplasm of the squid giant fiber Bear, Schmitt, and Young (4) obtained a protein complex, to which they gave the name "neuronin," which was considered common to the axoplasm of nerves generally. It was thought to contain a histone-like component and possibly some nucleic acid, though the phosphorus content was low (3 per cent). Neuronin was not obtained in pure form, nor was it characterized physically or chemically.
It is the purpose of the present program to isolate and characterize protein components of peripheral nerve, particular emphasis being placed on axoplasmic proteins. Polarized light studies of axons (5) indicate the presence of an oriented component having a considerable degree of regularity of internal organization. Electron microscope studies (6, 7) have shown filaments about 100 A in width and of indefinite length. Nothing is known about the composition of these filaments. Various types of granules and other structures are also seen in electron micrographs of the axon.
To assure strict localization of protein components isolated from nerve it would be necessary to undertake fractionation procedures on axoplasm extruded from the axon of giant fibers such as occur in the squid. Thus far this has not proven possible. In the present experiments I lobster nerves were used both because of their relatively low content of lipid (which complicates the fractionation) and because axon proteins are relatively readily extractable from such nerves (4).
STDDIES OF NERVE PROTEINS

Fractionation Procedure
Freshly dissected claw nerves of lobster (Homarus americanus) were rinsed briefly in chilled water and placed in cold buffer (0.072 M sodium citrate pH 7.6 at 2°C.). The nerves were cut into millimeter bits and extracted overnight in the cold in the same buffer. Lyophilization of the freshly dissected nerve, followed by grinding to a fine powder with a mortar and pestle before extraction, was found to increase the soluble fraction considerably, as was sectioning the nerve on a freezing microtome before extraction, but these procedures were not used regularly.
After overnight extraction, the material was placed in 125 ml. solubility bottles and a glass rod placed in each bottle to roll and gently squeeze the bits of nerve as the bottles were rotated in the cold for about an hour. The undissolved sediment was centrifuged off, and the water-clear supemate brought to pH 7.0 with acetic acid. 25 per cent by volume of reagent ethyl alcohol was added and, after standing in the cold for 1 hour the slight precipitate was centrifuged off and set aside. Adjustment of the pH of the supernate to 5.0 causes the formation of a dense white precipitate which, after centrifugation, was redissolved in citrate buffer pH 7.6. After overnight dialysis against potassium phosphate buffer (# --0.1, pH 7.6) and clarification in a centrifuge, the solution was brought to pH 5.7 with acetic acid. The precipitate was centrifuged off and set aside, while the supernate was brought to pH 5.1 with acetic acid. Again the precipitate was removed, and to the supernate was added ethyl alcohol to 25 per cent. This precipitate, after removal, was redissolved in phosphate buffer and further fractionated in the analytical rotor of the Spinco ultracentrifuge revolving at 60,000 R.P.~. for 45 minutes. The cell was then removed from the rotor without stirring the solution. The upper three-fourths of the solution (the material above the lower boundary which can be seen easily with the naked eye) was removed with a syringe and replaced with phosphate buffer. The solution in the cell was thoroughly mixed and the centrifuging repeated until a satisfactory separation was attained as shown in the ultracentrifuge. The rapidly sedimenting material will be called fraction A. The fraetionation scheme is summarized in Fig. 1 . At least five components are present in the original nerve extract. Of these, fraction A was found to be essentially monodisperse and readily purified. Accordingly, detailed analysis was made of this fraction as indicated below. The remaining fractions will be made the subject of future study.
Ultracentrifugal Analysis
A Spinco Model E ultracentrifuge with an analytical rotor capable of from 12,000 to 60,000 ~.P.~. and a schlieren optical system were used. Sedimentation constants were corrected to water at 20°C., but the values were not extrapolated to zero concentration, although measurements were made only on the most dilute preparations.
Ultracentrifuge analysis of fraction IID in potassium phosphate buffer (~ --0.1, pH 7.6) shows four components of sedimentation constants approximately 35, 28, 16, and 2.7 Svedbergs, and one very small peak (Fig. 2) . Precise sedimentation constants can be determined only in pure solution unless additional data are available to correct for the presence of other macromolecules. The most slowly moving peak in Fig. 2 is polydisperse as shown on longer running in the ultracentrifuge. The concentrations of the components represented by the two smaller peaks, on either side of the tall sharp peak, are too low to permit analysis. The tall sharp peak remains sharp as it traverses the entire cell. This is an indication of a single molecular species.
The progress of further fractionation was followed with the ultracentrifuge (Fig. 3 a, b, c, and d) . slowly moving peak is absent from Fig. 3 c. The sedimentation constant of the most slowly moving peak differs markedly from the constants of the remaining peaks. This fact makes it possible to separate these peaks by preparative ultracentrifugation. This was done in the analytical rotor for more careful control of the operation. Fig. 4 shows the material of Fig. 3 c after one such operation. The slow peak has diminished considerably in size. The high concentration of protein used and the high magnification in all but the last exposure were employed in order to amplify the smaller peaks. The last exposure at lower magnification demonstrates the shape of the tall peak at the bottom of the cell where asymmetry or splitting would be most marked. There is no evidence of either. Repetition of the operation diminishes the area under the slow peak to any desired degree (Fig. 5) . Preparations similar to that of Fig. 5 were used for electrophoretic, diffusion, and spectrophotometric analysis. From Fig. 5 the sedimentation constant, s°0, of fraction A is 26.0 Svedbergs.
Electrophorelic A nalysis
A Pearson electrophoresis apparatus employing a schlieren, rising knife edge optical system was used. The electrophoresis cell of 2 ml. volume was manufactured by Pyrocell Corporation.
Electrophoretic analyses of fraction IID were made at pH 8.5, 7.5, and 6.3. The preparation became insoluble at pH below 6. In each case only a single peak was observed; the components observed in the ultracentrifuge were not resolved. The preparation migrated as an anion. Analysis of this fraction was not pursued further because of the known multiplicity of its components and because some of the components became irreversibly insoluble at pH below 6.
Fraction A was also analyzed electrophoretically at pH 7.6, 6.0, 4.9, and 4.0 in potassium phosphate buffer (~ = 0.1). Observed mobilities (N 10 -4) were 11.0, 6.3, 2.1, and -6.2, respectively at these pH. Mobilities were measured as velocity in centimeters per second on tile application of a force of 1 volt per centimeter, at 2°C. Interpolation places the isoelectric point at about pH 4.7. The protein remained soluble at all pH used. The electrophoretic pattern of fraction A at pH 7.6 is shown in Fig. 6 where it can be seen that the peak remains sharp but splits into a larger and a smaller peak, which can be resolved only at pH below the isoelectric point. The smaller peak was estimated to represent about 15 per cent of the total peak area (cf. the ultracentrifuge study of impurities in this fraction).
DiJusion Analysis
The diffusion constant of fraction A was determined by observing the boundaries formed in the electrophoresis cell with the schlieren optical system. Photographs were taken at the end of 1243, 2976, and 5865 minutes from the start of diffusion. The diffusion constant D20, after correction for initial spreading during the formation of the boundary, was found to be 1.8 cm.2/sec., in potassium phosphate buffer, # = 0.1, pH 7.5.
From these data, combined with the sedimentation data, the molecular weight of fraction A was found to be 1.4 N l0 s.
Speclrophotomelric Analysis
The ultraviolet absorption spectrum of fraction A was determined at room temperature in a Beckman spectrophotometer. There is an absorption maximum at 278 m# with no suggestion of a peak in the neighborhood of 260 m# FIG. 6 . Electrophoresis pattern of fraction A pH 7.6 potassium phosphate buffer # = 0.1. Pictures were taken at the start of the experiment, after 143 minutes, and after 223 minutes. (Fig. 7) . No maximum was observed in the range from 280 to 600 m/z. I t would appear that if any nucleic acid is present in this fraction it must be in relatively low concentration. The absence of a maximum in the visible spectrum shows that this fraction is not hemocyanin (cf. also the sedimentation constant). 
Relative Concentrations of Fractions
To obtain some idea of the relative proportions of the various fractions, aliquots of these fractions were weighed. Data of a typical experiment are given in Table I .
DISCUSSION
It is clear from these experiments that it is possible, with appropriate fractionation procedures, to demonstrate and isolate a number of constituents from extracts of lobster nerves which probably derive primarily from axoplasm. Evidence for at least five constituents is precented in this paper. Of these, detailed analysis has been made of only one, designated fraction A. The properties of this constituent are summarized in Table II .
Electron microscope studies, made by Dr. Marie A. Jakus, show that the chief component of fraction A consists of roughly spherical particles between 103 A and 200 A in diameter. Fig. 8 is typical of electron micrographs of this material. Assuming a density of 1.3, the physicochemical data lead to a particle diameter of 150 A which lies in the range of sizes observed with the electron microscope. In thin sections of fixed squid nerves particles of this order of size are observed in the axoplasm (6) . No truly fibrous material was observed by Dr. Jakus in electron micrographs of fraction A, even after lowering the pH or dialyzing against distilled water. Moreover, since fraction A represents only about 10 per cent of the extractable, non-dialyzable material of lobster nerve, it seems probable that fraction A does not represent the protein of which the axon filaments are primarily composed.
It is unlikely that the fractionation procedure has appreciably altered the properties of fraction A protein, for this component can be demonstrated (by its characteristic sedimentation properties in the ultracentrifuge) in a phosphate buffer (/z = 0.1, pH 7. nerves was carried through the fractionation procedure. A small quantity of material corresponding to fraction A was obtained which, however, was too small to permit characterization. Further attempts will be made in this direction when squid again become available.
The amino acid composition of the protein of fraction A is now being determined in this laboratory by Dr. B. Koechlin. The possible role of this protein in nerve function is unknown.
